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AUTOMOTIVE RADAR 

FIELD OF THE INVENTION 

The present invention relates to an automotive radar to 
5 be mounted on a mobile object, such as a wheeled vehicle, to 
detect the azimuth of an obstacle, its distance from the mobile 
object and relative speed. 

BACKGROUND OF THE INVENTION 

10 Automotive radars using millimeter waves are attracting 

interest as being most suitable for use in the prevention of 
car collisions and in following another vehicle as they are 
less susceptible to the interference of rain, fog, snow and 
other weather factors, dust and noise than ultrasonic radars 

15 and laser radars. Millimeter wave radars currently available 
in the market are mainly intended for use along expressways, 
and their detectable range and reach are approximately 16 degrees 
in azimuth angle and about 150 m in distance, respectively. 

Automotive radars are further expected to be applied in 

20 the near future to a more complex road environment, such as 
ordinary roads , and this would inevitably necessitate a broader 
detectable range of 80 degrees or more in azimuth angle . 

Techniques available to meet this need include a method 
widening a receiving angle of antenna on the basis of use of 

25 a plurality of receiving antennas and a monopulse system of 
detecting the azimuth of the obstacle from the amplitude 
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difference or the phase difference among the signals received 
by the receiving antennas. For instance, non-patent reference 
1: 2001 General Conference of the Institute of Electronics, 
Information and Communication Engineers, Technical Papers 
5 (Engineering Science) , Paper No. A-17-10, p. 391 discloses a 
technique to broaden the detectable range by using a monopulse 
system for azimuth detection and keeping the number of antenna 
elements intentionally small. Besides that, for instance, 
non-patent reference 2: MWE 2001 (Microwave Workshops and 

10 Exhibition) held in Yokohama in December, 2001, Workshop 

Technical Program, Paper No. WS5-1 contains a description of 
an automotive radar transmitter / receiver apparatus embodied 
in such a method. 

Fig. 11 shows the circuit configuration of a radar 

15 transmitter /receiver apparatus described in the non-patent 
reference 2. For a wide-angle transmitting antenna 1 and 
receiving antennas 2a and 2b, microstrip-patch planar antennas 
based on microstrip lines are used. A millimeter wave signal 
outputted by an oscillator 7 is supplied to the transmitting 

20 antenna 1 via a power amplifier 6 . The signal transmitted from 
the transmitting antenna 1 and reflected by an obstacle is 
received by the receiving antennas 2a and 2b, and supplied to 
a hybrid circuit (HYB) 5. The hybrid circuit 5 generates a 
sum signal 2 and a differential signal A. The sum signal £ 

25 and the differential signal A are respectively processed by 
receiver circuits 20a and 20b, each mainly consisting of a mixer 
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to detect the azimuth and other factors of the object of 
detection. 

SUMMARY OF THE INVENTION 
5 As described above , in the monopulse system , the detecting 

range is broadened by widening the angle of the antenna beam. 
However, a widen angle of the antenna beam inevitably brings 
an increase in unnecessary sidelobes (subbeams of weaker 
intensity radiating in different directions from the main beam) . 

10 The sidelobes cause leaks of unnecessary waves from the 

transmitting antenna to the receiving antennas, which would 
bring a deterioration in azimuth accuracy and an increase in 
wrong detections. 

The unnecessary waves leak via two routes . On one route , 

15 reflected waves returning after being Doppler-shif ted by an 
obstacle are diffracted at an edge of a plate (conductor plate) 
which fixes the antennas and serves to ground the antennas are 
received by the receiving antennas. On the other route, the 
reflected waves are received by a transmitting antenna, and 

20 part of them are reflected due to mismatching within the 
transmitting antenna to be radiated again to leak to the 
receiving antennas . 

In the monopulse system, because the azimuth of the 
obstacle is determined according to the amplitude and phase 

25 of receive signals , the problem noted above leads to significant 
deterioration of the azimuth accuracy and wrong detection. 
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An obj ect of the present invention is to obviate the problem 
noted above and to provide a low-cost, compact and light-weight 
automotive radar that excels in azimuth accuracy ! over a wide 
detectable range. 
5 The problem the present invention addresses can be 

effectively solved by providing a diffracted wave prevention 
structure at edges , at least partly , of the top face of a grounding 
conductor plate which grounds antennas in an automotive radar 
to be mounted on a mobile object, such as a wheeled vehicle, 

10 to detect the azimuth of an obstacle, its distance from the 
mobile object and relative speed. The diffracted wave 
prevention structure may comprise, for instance, a radio wave 
absorber covering the top face edges at least in part and arranged 
on the top face of the grounding conductor plate, because the 

15 use. of such means can prevent diffracted waves from being 
generated at the edges of the grounding conductor plate, and 
unnecessary waves can be thereby prevented from leaking to the 
receiving antennas, accordingly to achieve a high level of 
azimuth accuracy. 

20 It is preferable to provide a radio wave absorber between 

the transmitting antenna and the receiving antennas . This 
arrangement can prevent leaks from the transmitting antenna 
to the receiving antennas, resulting in a high level of azimuth 
accuracy . 

2 5 Further , by configuring the radio wave absorber of a sponge 

material containing radio wave absorbing grains , the automotive 
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radar can be easily produced in light weight and at low cost. 

Also, by fitting in advance the radio wave absorber to 
a radome (a protective cover for the radar) covering the front 
of the antennas, the number of assembling processes can be 
5 reduced. 

Further by so selecting the height of the radio wave 
absorber from the top face of the antennas as to prevent radio 
waves from radiating, or arriving from, outside' the range of 
obstacle detecting angles, diffracted waves can be prevented 
10 from leaking from the grounding edge or leaks from the 

transmitting antenna to the receiving antennas can be prevented , 
resulting in a further contribution to azimuth accuracy 
improvement . 

Also , by having the transmitting antenna protrude farther 
15 ahead than the receiving antennas , leaks from the transmitting 
antenna to the receiving antennas can be prevented, resulting 
in a further enhanced level of azimuth accuracy. 

These and other objects and many of the attendant 
advantages of the invention will be readily appreciated as the 
20 same becomes better understood by reference to the following 
detailed description when considered in connection with the 
accompanying drawings . 

BRIEF DESCRIPTION OF THE DRAWINGS 
25 Fig. 1 is a block diagram of an automotive radar, which 

is a first preferred embodiment of the present invention. 
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Fig . 2 shows a front view of the first preferred embodiment 
of the invention. 

Fig. 3 shows a front view of a second preferred embodiment 
of the invention. 
5 Fig. 4 shows a front view of a third preferred embodiment 

of the invention. 

Fig. 5 is a diagram for explaining the optimal positions 
and size of the radio wave absorbers in the preferred embodiments 
of the invention. 
10 Fig. 6 is a diagram for describing the method of mounting 

the radio wave absorbers in the first through third preferred 
embodiments of the invention. 

Fig. 7 shows a sectional view of a fourth preferred 
embodiment of the invention. 
15 Fig. 8 shows a sectional view of a fifth preferred 

embodiment of the invention. 

Fig. 9 shows a sectional view of a sixth preferred 
embodiment of the invention. 

Fig. 10 shows a sectional view of a seventh preferred 
20 embodiment of the invention. 

Fig. 11 is a block diagram for describing the 
transmitter/receiver apparatus of an automotive radar 
according to the prior art. 

25 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

An automotive radar according to the present invention 



will be described in further detail below with reference to 
a number of preferred embodiments of the invention illustrated 
in accompanying drawings. The same reference signs in Fig. 
1 through Fig. 11 denote either the same or similar elements, 
5 respectively. 

Fig . 1 shows an automotive radar , which is a first preferred 
embodiment of the invention. In this embodiment, a transmit 
signal is transmitted from a radar transmitter/receiver 
apparatus 10 via a transmitting array antenna l f and signals 

10 reflected by an obstacle are received by a receiving array 
antenna 2a and an receiving array antenna 2b. The two receive 
signals from the array antennas 2a and 2b are sent to the radar 
transmitter/receiver apparatus 10 provided with a hybrid 
circuit 5 for generating a sum signal and a differential signal. 

15 The effective areas of the antenna 1 and the array antennas 
2a and 2b are shaped in narrow and long strips, and serve to 
broaden the main beam in widthwise direction. 

In the radar transmitter /receiver apparatus 10, a 
millimeter wave signal generated by the oscillator 7 is supplied 

20 to the transmitting array antenna 1 via a power amplifier 6. 
On the other hand, the hybrid circuit 5, into which the two 
receive signals from the array antennas 2a and 2b are inputted, 

generates a sum signal L and a differential signal A. These 
signals are supplied to mixers 8a and 8b, respectively, to be 
25 mixed with the output signal of the oscillator 7 and converted 
into intermediate frequency signals, which are inputted into 
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a signal processing circuit 9. The signal processing circuit 
9 detects the azimuth of the object of detection by using signals 
resulting from the frequency conversion of the sum signal £ 
and the differential signal A, and detects the speed, position 
and other factors of the object of detection by using the sum 

signal Z. The result of these detections are converted, as 
required, into signals suitable for an output device, such as 
a display 11, and supplied to the output device. 

This embodiment has an antenna plate (antenna conductor 
plate) 3 over which the transmitting array antenna 1 and the 
receiving array antennas 2a and 2b are arranged and which serves 
to ground the antennas , and radio wave absorbers 4 are arranged 
on two sides of edges 15 of the antenna plate 3. 

Fig. 2 shows a top view of the antennas used in the first 
embodiment of the invention. A plurality of patch elements 
12 and feeding lines 13 are configured over a dielectric 
substrate to constitute the transmitting array antenna 1 and 
the receiving array antennas 2a and 2b. Each of these array 
antennas is arranged on the antenna plate 3, and the radio wave 
absorbers 4 are arranged on the two sides of the edges 15 of 
the antenna plate 3 . 

In case of the absence of the radio wave absorbers 4 , 
the reflected wave which has been Doppler-shif ted by the obstacle 
and returned, would be diffracted by the edges 15 of the antenna 
plate 3 and become scattering unnecessary waves, part of which 
would come incident on the receiving array antennas 2a and 2b, 
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but in this embodiment of the invention the reflected waves 
directed towards the edges 15 are absorbed by the radio wave 
absorbers 4 and thereby prevented from reaching the edges 15. 
Therefore, the generation of unnecessary waves by diffraction 
5 is prevented, and so the problem of unnecessary waves leaking 
to the antennas 2a and 2b is solved. Even if there is any 

* 

remaining portion of the reflected waves not completely 
attenuated by the radio wave absorbers 4 , any unnecessary waves 
generated by the diffraction of that portion of the reflected 

10 wave by the edges 15 will be further absorbed by the same radio 
wave absorbers 4, and do not reach the antennas 2a and 2b. As 
a result, wrong detection can be prevented, and a high level 
of azimuth accuracy can be achieved. 

Fig. 3 shows an automotive radar, which is a second 

15 preferred embodiment of the invention. In this embodiment, 
a plurality of patch elements 12 and feeding lines 13 are formed 
over a dielectric substrate to constitute a transmitting array 
antenna 1 and receiving array antennas 2a and 2b. These array 
antennas are arranged on an antenna plate 3 , and a radio wave 

20 absorber 4 is disposed around the edges of the antenna plate 
3, 

In this embodiment of the invention, the returning 
reflected wave Doppler-shif ted by the obstacle is absorbed by 
the radio wave absorber 4 on its way to the edges of the antenna 
25 plate 3. The generation of unnecessary waves is thereby 

prevented, and so the problem of unnecessary waves being received 
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by the receiving antennas 2a and 2b is solved. 

Since the whole edges of the antenna plate 3 are covered 
by the radio wave absorber 4 in this embodiment, the absorption 
can be effective against diffracted waves not only in the lateral 
5 but also in the longitudinal direction of the drawing and, 
accordingly, wrong detection can be prevented, resulting in 
a high level of azimuth accuracy. 

Fig . 4 shows an automotive radar , which is a third preferred 
embodiment of the invention. In this embodiment, a plurality 
10 of patch elements 12 and feeding lines 13 are formed over a 
dielectric substrate to constitute a transmitting array antenna 
1 and receiving array antennas 2a and 2b. While these array 
antennas are arranged on the antenna plate 3 , in this embodiment 
particularly, radio wave absorbers 4 are arranged between the 
15 transmitting/ receiving antennas in addition to around the edges 
of the antenna plate 3. 

In this embodiment of the invention, by arranging the 
radio wave absorbers 4 in this way, not only is the returning 
reflected wave Doppler-shif ted by the obstacle prevented from 

■ 

20 being diffracted by the edges of the antenna plate 3 but also 
can unnecessary waves directed towards the receiving antennas 
2a and 2b resulting from reradiation from the transmitting 
antenna 1 be absorbed and intercepted. The reflected wave from 
the obstacle comes incident on not only the receiving antennas 

25 2a and 2b but also the transmitting antenna 1. The reflected 
wave coming incident on the transmitting antenna 1 will be 
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reflected, if there is any impedance mismatching within the 
transmitting antenna 1, and reradiated from the transmitting 
antenna 1 . This reradiated component becomes unnecessary waves , 
part of which would come incident on the receiving array antennas 
5 2a and 2b if there were no radio wave absorbers 4. 

In this embodiment of the invention, as in the second 
embodiment, the whole edges of the antenna plate 3 are covered 
by the radio wave absorbers, and accordingly the absorption 
can be effective against diffracted waves not only in the lateral 

10 but also longitudinal direction of the drawing, with the result 
that wrong detection can be prevented and a high level of azimuth 
accuracy can be achieved. 

Hereupon, the optimal positions and size of the radio 
wave absorbers 4 relative to the transmitting antenna 1 will 

15 be explained with reference to Fig. 5. The transmitting array 
antenna 1 and the radio wave absorbers 4 are arranged on the 
antenna plate 3 , and a main beam mb having a radiation angle 

26 required for achieving a desired azimuth detecting 
performance is supplied from the transmitting array antenna 
20 1. Then, assuming that the antenna 1 is thin enough , the optimal 
values of the height H of the radio wave absorbers 4 from the 
top face of the antenna 1 and of the distance D of each of them 
from the center of the antenna are given by Equation (1) : 

tan 0 = D/H (1) 

25 By so selecting D and H as to satisfy this equation, radio waves 
radiated outside the range of obstacle detecting angles can 
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be intercepted, resulting in high azimuth accuracy. For the 
receiving array antennas 2a and 2b as well , the optimal positions 
and size of the radio wave absorbers 4 can be selected so as 
to intercept radio waves coming incident outside the range of 
5 obstacle detecting angles . Thus , when radio waves are reaching 
the receiving antennas 2a and 2b from the range of an incident 

angle 2G required for acquiring desired azimuth detecting 
performance, the optimal values of the height H of the radio 
wave absorbers 4 from the top faces of the antennas 2a and 2b 

10 and of the distance D of each of them from the center of the 
pertinent antenna are given by Equation (1) stated above. 

It goes without saying that, while the optimal positions 
and size of the radio wave absorbers 4 have been explained with 
reference to the third embodiment of the invention, they can 

15 be applied to the first and second embodiments as well. 

The radio wave absorbers 4 for use in the first through 
third embodiments of the invention can be easily produced in 
light weight and at low cost by using a sponge material containing 
radio wave absorbing grains, such as carbon grains. 

20 Fig. 6 shows a typical process of mounting the radio wave 

absorbers 4 in the first through third preferred embodiments 
of the invention. While the transmitting array antenna 1 and 
the receiving array antennas 2a and 2b are arranged on the antenna 
plate 3 which is to ground the antennas , the radio wave absorbers 

25 4 are fitted in advance to a radome 14 covering the front of 
the antennas. This enables the radio wave absorbers 4 to be 
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arranged in appropriate positions at the same time as the fitting 
of the radome 14 to the antenna plate 3 , achieving a substantial 
curtailment of the assembling process. 

Fig. 7 shows an automotive radar, which is a fourth 
5 preferred embodiment of the present invention. In this 

embodiment, the edges 15 of the antenna plate 3 on which the 
transmitting array antenna 1 and the receiving array antennas 
2a and 2b are arranged and which serves to ground the antennas 
are chamfered. 

10 In this embodiment, since the edges 15 of the antenna 

plate 3 are chamfered, the returning reflected wave which is 
Doppler-shif ted by the obstacle is hardly diffracted at the 
edges 15, and accordingly unnecessary waves can be prevented 
from being generated. Therefore, wrong detection can be 

15 prevented and a high level of azimuth accuracy can be achieved. 
Incidentally , although the edges 15 shown inFig. 7 a re chamfered 
to have two faces, they can as well be chamfered to have three 
or more faces with similar effectiveness. 

Fig . 8 shows an automotive radar , which isafifth preferred 

20 embodiment of the present invention. In this embodiment, the 
edges 15 of the antenna plate 3 on which the transmitting array 
antenna 1 and the receiving array antennas 2a and 2b are arranged 
and which serves to ground the antennas are curved. 

In this embodiment, since the edges 15 of the antenna 

25 plate 3 are curved, the returning reflected wave which is 

Doppler-shif ted by the obstacle is hardly diffracted at the 
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edges 15, and accordingly unnecessary waves can be prevented 
from being generated. Therefore, wrong detection can be 
prevented and a high level of azimuth accuracy can be achieved. 

Fig. 9 shows an automotive radar, which is a sixthpref erred 
5 embodiment of the present invention. In this embodiment, the 
edges 15 of the antenna plate 3 on which the transmitting array 
antenna 1 and the receiving array antennas 2a and 2b are arranged 
and which serves to ground the antennas are provided with 
projections 16. 

10 In this embodiment, since the edges 15 of the antenna 

plate 3 are provided with the projections 16, the returning 
reflected wave which is Doppler-shif ted by the obstacle is hardly 
diffracted at the edges 15, and accordingly unnecessary waves 
can be prevented from being generated. Therefore, wrong 

15 detection can be prevented and a high level of azimuth accuracy 
can be achieved. 

In addition, the effectiveness of this configuration can 
be particularly enhanced by setting the height of the pro j ections 
16 to 1/4 of the freguency used. 

20 Fig. 10 shows an automotive radar, which is a seventh 

preferred embodiment of the present invention. In this 
embodiment, the edges 15 of the antenna plate 3 on which the 
transmitting array antenna 1 and the receiving array antennas 
2a and 2b are arranged and which serves to ground the antennas 

25 are stepped, with the transmitting antenna 1 protruding farther 
ahead than the receiving antennas 2a and 2b. 
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As described above, while the returning reflected wave 
which is Doppler-shif ted by the obstacle partly comes incident 
on the transmitting antenna 1, if there is any impedance 
mismatching within the antenna 1 , it will be r eradiated . Since 
5 in this embodiment the transmitting/receiving antennas are 
stepped, it is possible to reduce the reradiation reaching the 
receiving array antennas 2a and 2b . As a result , wrong detection 
can be prevented and a high level of azimuth accuracy can be 
achieved . 

10 Apart from using the radio wave absorbers mentioned above 

and structuring the edges of the antenna plate to be effective 
for the prevention of radio wave diffraction, it is also 
effective to configure the antenna plate itself of a radio wave 
absorber. As the surface of the antenna plate absorbs radio 

15 waves, no diffraction of the radio waves occurs. Furthermore, 
it is also effective to coat the surface of the antenna plate 
with a radio wave absorber . As the surface of the antenna plate 
3 absorbs radio waves, they are not diffracted. In either way, 
the antenna plate can be easily produced in light weight and 

20 at low cost. It goes without saying that such an antenna plate 
can be used as the antenna plate 3 in any of the embodiments 
of the invention described above. A high synergic effect can 
be obtained. 

Although the antennas and the antenna plate 3 are supposed 
25 to be separate components in the foregoing embodiments of the 
invention, the invention is not limited to such configurations , 
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but can be as effectively applied to antennas in which the antenna 
plate and radiating parts are integrated, for instance slotted 
waveguide antennas and triplate antennas. 

According to the present invention, since unnecessary 
5 waves can be prevented from leaking to receiving antennas, it 
is made possible to realize an automotive radar having a broad 
detectable range capable of preventing wrong detection and 
excelling in azimuth accuracy. 

It is further understood by those skilled in the art that 
10 the foregoing description is preferred embodiments of the 
disclosed device and that various changes and modifications 
may be made in the invention without departing from the spirit 
and scope thereof. 
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